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REMARKS 

Pending claims 

Claims 1-20 were originally filed in this application. By this Amendment, claims 1-20 have 
been cancelled and substituted with new claims 21-34. New claims 21 and 33 basically correspond to 
originally filed claims 1, 2 and 15. New claim 22 basically corresponds to originally filed claims 3-4 (it 
is submitted that this claim falls within the election of the Restriction Requirement and contains the 
elected SEQ ID NO), New claims 23-24 basically correspond to originally filed claim 12 (it is 
submitted that these claims fall within the election of the Restriction Requirement and contain the elected 
SEQ ID NO). New claims 24 and 26 basically correspond to originally filed claims 13 and 14, 
respectively (it is submitted that these claims fall within the election of the Restriction Requirement and 
contain the elected SEQ ID NO). New claim 25 is directed to a transgenic organism comprising the 
recombinant polynucleotide of claim 22. New claim 27 basically corresponds to originally filed claim 
16. New claims 28-29 basically correspond to originally filed claims 9, 10 and 11. New claim 29 
basically corresponds to originally filed claims 9, 10 and 1 1 but is directed to SEQ ID NO:70 (it is 
submitted that this claim falls within the election of the Restriction Requirement and contains the elected 
SEQ ID NO). New claims 30-32 basically correspond to originally filed claims 7-8 but are directed to 
SEQ ID NO:70. New claim 33 basically corresponds to originally filed claim 15. New claim 34 
basically corresponds to originally filed claim 19. 

Please note that the originally filed claims directed to the agonist, antagonist and methods using 
the claimed agonist or antagonist are not contained in the set of new claims. Applicants expressly state 
that these claims are not being pursued in order to expedite prosecution of the new claims and not for 
reasons related to patentability, and are in fact fully supported by the specification as filed. Applicants 
expressly reserve the right to reinstate these claims or to add other claims during prosecution of this 
application or a continuation or divisional application. Applicants expressly do not disclaim the subject 
matter of any invention disclosed herein which is not set forth in the instantly filed new claims. 
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Restriction Requirement 

In the Restriction Requirement, the Examiner requested Applicants to elect one of the following 



inventions: 



Groups 1-65 (claims 1, 2 and 15) drawn to polypeptides and pharmaceutical compositions 
comprising said polypeptides with the sequence of SEQ ID NO: 1-65, respectively. 

Groups 66-130 (claims 3-6 and 12-14) drawn to polynucleotides encoding polypeptides with 
the sequence of SEQ ID NO: 1-65, respectively, vectors containing said polynucleotides, host cells 
containing said vectors and a method of producing polypeptides utilizing the aforementioned 
polynucleotides. 

Groups 131-195 (claims 9-11) drawn to polynucoetides with the sequence of SEQ ID NO:66- 
130, respectively. 

Groups 196-260 (claim 16) drawn to antibodies that bind polypeptides with the sequence of 
SEQ ID NO: 1-65, respectively. 

Groups 261-325 (claim 1) drawn to agonists of polypeptides with the sequence of SEQ ID 
NO: 1-65, respectively. 

Groups 391-455 (claim 19) drawn to methods of treating a disorder associated with the 
increased [sic] [should be decreased ] expression or activity of HTRM utilizing pharmaceutical 
compositions comprising polypeptides with the sequence of SEQ ID NO: 1-65, respectively. 

Groups 456-520 (claim 20) drawn to methods of treating a disorder associated with the 
increased expression or activity of HTRM utilizing agonists to polypeptides with the sequence of SEQ 
ID NO: 1-65, respectively. 

Groups 521-585 (claims 9-1 1 [sic] [should be claims 7-8 ]) drawn to methods of detecting 
polynucleotides using polynucleotides that encode polypeptides with the sequence of SEQ ID NO:l- 
65, respectively, as a probe. 

Applicants hereby elect, with traverse, to prosecute Group 70, which includes and is drawn to 
new claims 22-24, 26 and 29. Applicants reserve the right to prosecute the subject matter of non- 
elected claims in subsequent divisional applications. 
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In the Restriction Requirement, the Examiner further requested Applicants to elect a single SEQ ID 
NO. 

Applicants hereby elect, with traverse, to prosecute SEQ ID NO:70, which includes and is 
drawn to new claims 22-24, 26 and 29. Applicants reserve the right to prosecute the subject matter of 
non-elected SEQ ID NOs in subsequent divisional applications. 

Applicants traverse this Restriction Requirement on several grounds. 

First, Applicants traverse the Restriction Requirement as between the claims of Group 70 
(original claims 3-6 and 12-14; new claims 22-24, 26 and 29) and Group 525 (i.e. original claims 7-8; 
new claims 30-32, drawn to methods of detecting a target polynucleotide having a sequence of a 
polynucleotide of claim 29). The method claims are directed to a method which depends on knowing 
the sequence of the polynucleotide of claim 29. Therefore, a search of the claimed polynucleotides 
would substantially overlap examination of method claims 30-32 and would not be an undue burden on 
the Examiner. 

Second, Applicants traverse the Restriction Requirement as between the claims of Group 70 
and Group 5 (drawn to polypeptides related to SEQ ID NO:70). Many of the elected claims of Group 
70 are directed specifically to polynucleotides encoding the claimed polypeptides of Group 5, and thus 
it is presumed that a proper search for the claimed polynucleotides would include the polypeptides 
which they encode. Therefore, it is submitted that it would not be a substantial burden on the Examiner 
to use the results of the necessary polynucleotide search to examine the polypeptide claims. 

Third, Applicants traverse the Restriction Requirement as between the Group 5 and Group 200 
(drawn to the polypeptides and antibodies to the polypeptide, respectively), and hence Group 70. The 
claims of these groups could be examined at the same time, also without undue burden on the 
Examiner. A search of the prior art to determine the novelty of the antibodies would substantially 
overlap with a search of the claims directed to the polypeptides. Thus, Applicants submit that 
examining the prior art for the polypeptides together with the antibodies would involve substantially the 
same subject matter and would not impose an undue burden on the Examiner. 

Accordingly, as submitted above, a search of the claimed polynucleotides of Group 70 would 
include the claimed encoded polypeptides of Group 5. Therefore, it is submitted that it would not be a 
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substantial burden on the Examiner to use the results of the necessary polynucleotide search to examine 
the polypeptide together with the antibody claims of Group 200. 

In support of this second and third grounds is the attached Giang and Cravatt article. The 
attached article discloses a very similar polynucleotide, a very similar polypeptide encoded by this very 
similar polynucleotide, and the making of antibodies to this very similar polypeptide. Accordingly, this 
article demonstrates that examining the prior art for the polynucleotides together with the polypeptides 
and antibodies would involve substantially the same subject matter/sources and would not impose an 
undue burden on the Examiner. 

In addition. Applicants submit that new claim 25, drawn to a transgenic organism comprising 
the recombinant polynucleotide of claim 23 belongs within the elected claims of Groups 70. This claim 
is directed to a product that contains the claimed recombinant polynucleotide of claim 23 to be 
searched by the Examiner. Therefore, a search of the claimed recombinant polynucleotide of claim 23 
would substantially overlap examination of a transgenic organism of claim 25 and would not be an 
undue burden on the Examiner. 

Therefore, it is respectfully submitted that, upon searching and examining polynucleotides 
encoding the polypeptides relating to SEQ ID NO: 5 and finding no prior art over which they can be 
rejected, the search should be extended to include the polypeptides encoded by SEQ ID NO:70 and 
antibodies which specifically bind to SEQ ID N0:5. 

Re joinder 

Applicants traverse on the grounds that the Examiner could also examine new claims 30-32, 
drawn to methods of detecting a target polynucleotide having a sequence of a polynucleotide of claim 
38. The Examiner's attention is directed to the Commissioner's Notice in the Official Gazette of March 
26, 1996, entitled "Guidance on Treatment of Product and Process Claims in Light of In re Ochiai, In 
re Brouwer and 35 U.S.C. § 103(b)" which sets forth the rules, upon allowance of product claims, for 
rejoinder of process claims covering the same scope of products. Therefore, upon allowance of any of 
the claims within Group 70, i.e. new claims 22-24, 26 and 29, the new method claims 30-32, which 
depend therefrom, should be rejoined and examined. 



108921 



8 



09/674,743 



ocket No.: PF-0509 USN 

Applicants believe that no fee is due with this communication. However, if the USPTO 
determines that a fee is due, the Commissioner is hereby authorized to charge Deposit Account No. 
09-0108. 



Respectfully submitted, 
INCYTE CORPORATIOI 



Date: 





James ]N[. Vema, Ph.D. 
Jo. 33,287 

Direct Dial Telephone: (650) 845 -5415 



Date: 




Reg. No. 41,327 

Direct Dial Telephone: (650) 843-7219 



Customer No.: 27904 
3160 Porter Drive 
Palo Alto, California 94304 
Phone: (650) 855-0555 
Fax: (650) 849-8886 
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VERSKMWITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION: 
The paragraph beginning at line 3 of page 1 has been inserted as follows: 

This application is the National Stage of International Application No. PCTAJS99/09935. filed 
on May 4. 1999. which claims the benefit under 35 U.S.C. § 1 19(6) of U.S. Provisional Application 
Serial No. 60/084254. filed Mav 5. 1998: U.S. Provisional Application Serial No. 60/095827. filed 
August 7. 1998: and U.S. Provisional Application Serial No. 60/102745. filed October 2. 1998. the 
contents all of which are hereby incorporated herein by reference. 
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A Second Mammalian 
AT-Myristoyltransferase* 

(Received for publication, December 23, 1997, and in revised 

form, January 21, 1998) 

Dan K. Giang and Benjamin F. CravatU 

From the Skaggs Institute for Chemical Biology and 
Department of Cell Biology, The Scripps Research 
Institute, La Jolla, California 92037 

N-terminal myristoylation is a cotranslational lipid 
modification common to many signaling proteins that 
often serves an integral role in the targeting and/or 
function of these proteins. Myristoylation is catalyzed 
by an enzyme activity, N-myristoyltransferase (>?MT), 
which transfers m3T:istic acid from myristoyl coenzyme 
A to the amino group of a protein's N-terminal glycine 
residue. While a single human NMT cDNA has been iso- 
lated and characterized (hNMT-1), biochemical evi- 
dence has indicated the presence of several distinct 
NMTs in vivo, often varying in either apparent molecu- 
lar weight and/or subcellular distribution. We now re- 
port the cloning and characterization of a second, genet- 
ically distinct human NMT (hNMT-2), as well as the 
isolation of the respective mouse NMT homologue for 
each human enzyme. The mouse and human versions of 
each NMT are highly homologous, displaying greater 
than 95% amino acid sequence identity. Comparisons 
between the NMT-1 and NMT-2 proteins revealed re- 
duced levels of sequence identity (76-77%), indicating 
that NMT-1 and NMT-2 comprise two distinct families of 
iV-myristoyl transferases. Transient transfection of ei- 
ther the hNMT-1 or hNMT-2 cDNA into COS-7 ceUs re- 
sulted in the expression of high levels of NMT enzyme 
activity. Both hNMT-1 and hNMT-2 were found to myr- 
istoylate several commonly studied peptide substrates 
with similar, but distinguishable, relative selectivities. 
Western analysis revealed that while hNMT-2 appeared 
as a single 65-kDa protein in transfected COS-7 cells, 
hNMT-1 was processed to provide foiu* distinct protein 
isoforms ranging from 49 to 68 kDa in size. Collectively, 
these studies demonstrate a heretofore unappreciated 
level of genetic complexity underlying the enzymology 
of N-terminal myristoylation and suggest that the spe- 
cific inhibition or regulation of either NMT in vivo may 
in turn allow for the selective control of particular myr- 
istoylation-dependent cellular functions. 



The cotranslational modification of proteins with myristic 
acid serves to regulate both protein function and localization (1, 



*This work was supported by the Skaggs Institute for Chemical 
Biology. The costs of publication of this article were defrayed in part by 
the payment of page charges. This article must therefore be hereby 
marked '*advertisenient" in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 

The nucleotide sequence(s) reported in this paper has been submitted ■ • 
to the GenBank'^/EBI Data Bank with accession numberfs) AF043324 
(hNMT-lX AF043325 (hNMT-2), AF043326 (mNMT-1), and AF043327 
(mNMT-2). 

t To whom correspondence, should be addressed: The Scripps Re- 
search Institute, 10550'N. Torrey Pines Rd., La Jolla, CA 92037. Tel.; 
619-784-8633. Fax: 619-784-2345. E-mail: cravatt@scripps.edu. 



2). Most myristoylated proteins are acylated through an amide 
linkage to their N-terminal glycine residues, a reaction cata- 
lyzed by the enzyme, A^-myristoyltransferase (NMT)^ (EC 
2.3,1.97) (3-5). Myristoylation has proven essential to the bio- 
logical activity of many mammalian, viral, and fungal proteins. 
In particular, the transformation potential of the protein tyro- 
sine kinase, pGO*"", is entirely dependent on mjoistoylation, as 
nonmyristoylated forms of peO*"" fail to bind cellular mem- 
branes and are transformation defective (6). Similarly, non- 
myristoylated forms of endothelial nitric-oxide synthase are 
not properly localized to the Golgi apparatus and plasma- 
lemmal caveolae, resulting in marked reductions in stimulated 
nitric oxide production (7, 8). The dependence of viral infectiv- 
ity on myristoylation is exemplified by the observation that 
inhibiting the m5Tistoylation of the human immunodeficiency 
vims type I GAG precursor protein promotes the production of 
noninfectious viral particles (9). 

Genetic studies have shown that the NMT gene is essential 
for the viability of the yeast, Saccharomyces cerevisiae (10), and 
the pathogenic fungi, Candida albicans (11) and Cryptococcus 
neoformans (12). Accordingly, inhibitors of C. albicans NMT 
have proven to be potent antifungal agents (13). In mammalian 
systems, NMT activity has been shown to increase in colorectal 
tumors (14, 15), leading to the proposal that NMT could serve 
as a target for anticancer therapies (16). In this regard, one 
speculated mechanism for the antitumor activity of the natural 
product fumagillin is through indirectly preventing protein 
myristoylation (17). Fumagillin has been shown to inhibit the 
methionine aminopeptidase, MetAP-2, an enzyme that cleaves 
the N-terminal methionine from newly synthesized proteins 
(17), a process required for the exposure of N-terminal glycine 
residues of NMT protein substrates. 

A single human NMT cDNA has been isolated and charac- 
terized (18, 19), and subsequent failures to identify homologous 
human cDNAs has led some to speculate that NMT activity in 
vivo is likely derived from a single gene (20). However, bio- 
chemical studies have repeatedly indicated the presence of 
multiple distinct protein forms of NMT in vivo, often varying in 
either molecular size and/or subcellular distribution (2, 21-23). 
Whether all of these NMT forms are derived from a single gene 
or from multiple NMT genes has remained unclear (2). We now 
report the isolation and characterization of a second distinct 
NMT cDNA from a human Uver library, as well- as the cloning 
of the respective mouse homologue for each of the two human 
NMTs. For the sake of clarity, we will hereafter refer to the 
originally characterized human NMT as hNMT-1 and the hu- 
man NMT described in the present study as hNMT-2. 

EXPERIMENTAL PROCEDURES 

Cloning of Human and Mouse NMT cDNAs — PGR primers based on 
the sequence of expressed sequence tag (EST) AA036845 were designed 
for the amplification of a 550-base pair portion of the hNMT-2 cDNA 
from a human liver 5'Stretch Plus cDNA library (CLONTECH): Primer 
1, 5'-GCGAATTCAACATCCACACAGAGACGCCC-3'; Primer 2, 5'-GC- 
GAATTCTCTGTAACTTCTACTTAGTCC-3'. This ampUfied DNA was 
used as a probe to screen human and mouse liver 5 'Stretch Plus cDNA 
libraries according to the manufacturer's guidelines. Four positive hu- 



^ The abbreviations used are: NMT, iV-myris toy transferase; hNMT, 
human AT-myristoyl transferase; mNMT, mouse Mm3nris toy 1 trans- 
ferase; EST, expressed sequence tag; GST, glutathione S- transferase; 
PKA, cAMP-dependent protein kinase; PC)R, polymerase chain reac- 
tion; kb, kilobase paiHs). 



This paper is available on line at http://www.jbc.org 
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Fig. 1. Comparison of the deduced amino acid sequences from 
human NMT-1 and NMT-2 cDNAs. Shared sequence identities be- 
tween NMT-1 and NMT-2 are shaded. 

man clones and six positive mouse clones were isolated from screenings 
of 3.2 X 10^ and 9.6 x 10^ plaques, respectively. A 2.85-kb human clone 
and a 1.9-kb mouse clone contained the presumed complete coding 
sequence for hNMT-2 and mNMT-2, respectively. The hNMT-1 cDNA 
was isolated by PGR with primers based on the reported GenBank'^" 
sequence (accession number AF020500): Primer 1, 5'-GCAAGCT- 
TCGCTGCCGCAGATGATGaS', Primer 2, 5'-GCGAATTCAGTTCT- 
GCTCCCTTTGCC-3'. This hNMT-1 cDNA was then used as a probe to 
screen both human brain and mouse Uver cDNA libraries (CLONTECH; 
3.2 X 10^ plaques per screening). Six positive human clones and eight 
positive mouse clones were identified. A 4.4-kb human clone and 1.6-kb 
mouse clone encoded the presumed complete coding sequence for 
hNMT-1 and mNMT-1, respectively. All reported cDNAs were cloned 
into pBluescript II SK(+) and sequenced completely in both directions. 
NMT protein sequence comparisons were conducted using the DNAS- 
TAR MegAlign program (Clustal method), and percentage sequence 
identities were calculated from sequence alignments after excluding the 
identified gaps. For Northern analysis, cDNA probes specific for the 
NMT-1 and NMT-2 genes were generated from the 5' most 400 base pairs 
of each cDNA (the least homologous region between NMT-1 and NMT-2). 

Expression of hNMTs in COS-7 Cells— The hNMT-1 and hNMT-2 
cDNAs were cloned into the eukaryotic expression vector, pcDNA3, and 
transiently transfected into COS-7 cells as described previously (24), 
with the exception that 1.25 ^ig of the hNMT-1 cDNA was used per 
transfection to reduce the amoimt of hNMT-1 expression to levels 
comparable with hNMT-2 expression (as judged by NMT enzyme activ- 
ities). Transfected cells were harvested by trypsinization, washed twice 
with Hepes buffer (12.5 mM Hepes, pH 8.0, I mM EDTA, 100 mM NaCl), 
and Dounce-homogenized in Hepes buffer containing 1 x complete 
protease inhibitors (Boehringer Mannheim) on ice. The homogenized 
cell extracts were then sonicated briefly (5 s), assayed for protein 
content (D^ protein assay kit, Bio-Rad), and used for enzyme assays, 
Western blotting, and cell fractionation experiments (25). 

Generation of Anti-NMT Antibodies— The hNMT-1 cDNA was cloned 
into the pGEX-4T-3 vector (Amersham Pharmacia Biotech) for genera- 
tion of a GST-hNMT-1 fusion protein (residues 89-496 of hNMT-1) 
according to manufacturer's guidelines. Rabbit polyclonal antibodies 
generated against the GST-NMT-1 fusion protein were affinity-purified 
by first removing GST-cross-reactive antibodies and then isolating an- 
tibodies that bound the GST-hNMT-1 protein. These antibodies were 
used in standard Western blotting procedures and recognized both the 
hNMT-1 and hNMT-2 proteins. 

N-Myristoyltransf erase Assays — ^A^Myristoyl transferase activity was 
monitored using the methods employed by Towler and Glaser (26). 
[^H]Myristoyl-CoA (0.75 /iCi; 52 Ci/mmol; 0.3 ^iM; Amersham Pharma- 
cia Biotech) was added to a mixture of COS-7 total cell protein (7.5 ^) 
and peptide substrate (200 ^) in a reaction buffer of 30 mM Tris-HCl, 
pH 7.5 with 0.5 mM EDTA, 0,5 mM EGTA, 1.0% (vAr) Triton X-100, and 
4.5 mM 0-mercaptoethanol (total reaction volume of 50 pJ; reaction 
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Fig. 2. Comparisons of the deduced amino acid sequences 
from human and mouse NMT cDNAs. A, comparison of the human 
and mouse NMT-1 proteins (hNMT-1 and mNMT-1, respectively); B, 
comparison of the human and mouse NMT-2 proteins (hNMT-2 and 
mNMT-2, respectively). Shared sequence identities between the human 
and mouse NMTs are shaded. 

buffer from King and Sharma (27)). The reaction was allowed to proceed 
for 10 rain at 25 °C, then quenched with 50 fil of methanol followed by 
5 |xl of 100% trichloroacetic acid, placed on ice for 10 min, and spun at 
10,000 X ^ for 5 min. Aliquots (25 ^1) of the supernatant were analyzed 
by reverse-phase high pressure liquid chromatography. A mjnristoy- 
lated GNAAAARR peptide was synthesized as described by Towler and 
Glaser (26) and used as a standard to define the elution times for 
myristoylated peptide products. Column fractions (1 ml) were collected 
and counted by scintillation counting. In all cases, control reactions 
without peptide were also analyzed and subtracted from reactions with 
peptide to provide the myristoylation rates reported in Table I. Each 
reaction was run in triplicate with. data reported as the average ± S.D. 
of these values. Initial rates were determined from reactions in which 
less than 20% myristoylated product was formed. Peptide substrates 
were designed based on previous work of Boutin and colleagues (28). 

RESULTS AND DISCUSSION 

Cloning of Human and Mouse NMTs — Intrigued by an ap- 
parent disparity between the available biochemical and genetic 
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N-Myristoyltransferase activities of hNMT-l- and kNMT'2-transfected COS-7 cells 


Substrate 


Mock-transfected 


hNMT-l-transfected 


hNMT-l 


hNMT-2-transfected 


hNMT-2 




myristoylation rate 


myristoylation rate 


myristoylation rate 


myristoylation rate 


myristoylation rate 




pmol • min 




%' 


pmol ' min~' • mg~^ 


% 


Src peptide (GSSKSKPKDP) 


6.4 ± 0.2 


34.7 ± 1.4 


100 


38.5 ± 1.6 


100 


PKA peptide (GNAAAARR) 


1.9 ± 0.1 


21.9 ± 0.7 


70 


17.9 ± 0.3 


50 


c-Abl peptide (GQQPGKVL) 


1.0 ± 0.3 


13.2 ± 2.7 


43 


9.5 ± 1.5 


27 


Tumor necrosis factor peptide 


NB 






ND 




(EEALPKKTGGPQGSR) 













iV-Myristoyltransferase activity measured in transfected COS-7 cell extracts with various potential peptide substrates. Mock-transfected COS-7 
cells were transfected with the pcDNA3 vector alone. For hNMT-l and hNMT-2, mj^stoylation rates with the Src peptide were considered to be 
100% hNMT activity, to which other peptide mjnistoylation rates were compared. Absolute myristoylation rates were calculated after subtraction 
of control values from reactions run in the absence of peptide, with data reported as the average of three trials ± S.D. Percentile hNMT 
myristoylation rates were calculated after subtraction of mock transfection myristoylation rates. ND = no detectable activity. 



data on iV-myristoyltransferase enzymes, we searched the EST 
data base for homologues to a previously characterized human 
NMT cDNA (hNMT-l). Identified ESTs separated into two 
distinct categories, either being identical to the hNMT-l cDNA 
or approximately 70-80% identical to the hNMT-l cDNA {e.g. 
EST AA203325, AA036845, AA036785, AA364769). Moreover, 
the collection of homologous, but distinct, ESTs appeared to be 
derived from a common cDNA, leading us to conclude that a 
second as of yet imcharacterized NMT existed in humans. 
Oligonucleotide primers based on the cDNA sequence of EST 
AA036845 were used in the PGR to amplify a 550-base pair 
fragment of the novel NMT cDNA from a human liver cDNA 
library. This PGR product was subsequently used to isolate a 
2.85-kb cDNA that encoded a putative full-length NMT 
(hNMT-2). Although no stop codon was identified upstream of 
the first encoded methionine residue, the sequence surround- 
*ing this ATG matched well with the Kozak sequence for pre- 
dicted eukaryotic translation initiation sites (29). Additionally, 
this putative translation initiation site was shared by all four 
mammalian NMT cDNAs and coded for the only conserved 
in-frame methionine residue upstream of the previously de- 
fined NMT ribosomal targeting domain (19) (see below). Com- 
parisons between the predicted protein sequences for hNMT-l 
and hNMT-2 demonstrated that the two proteins shared 77% 
amino acid identity (Fig. 1). Sequence divergence was most 
prevalent in the N- terminal domgiins of the NMTs, a region of 
hNMT-l dispensable for catalytic activity, but implicated in 
protein targeting (19, 30). In this regard, an intriguing con- 
served sequence was noted in this otherwise dissimilar region 
of the NMTs, as amino acids 54-68 of hNMT-l, GAKKKKK- 
KQKKKKEK, matched nearly identically amino acids 44-58 of 
hNMT-2, GAKKKKKKQKRKKEK Similar stretches of posi- 
tively charged residues have been identified in other proteins 
involved in the cotranslationai processing of proteins, including 
A^-methionylaminopeptidase (31), leading to the proposal that 
these, sequence elements serve to target such enzymes to the 
ribosome (19). 

To gain a better imderstanding of the potential significance 
of the sequence divergence between hNMT-l and hNMT-2, 
their respective mouse homologues, mNMT-1 and mNMT-2, 
were isolated and characterized. Interestingly, the mouse and 
human NMTs segregated neatly into two distinct pairs of en- 
zymes based on their homologies in primary structure (Fig. 2), 
with mNMT-1 and hNMT-l sharing 97% amino acid sequence 
identity and inNMT-2 and hNMT-2 sharing 96% amino acid . 
sequence identity. One notable difference between mNMT-2 
and hNMT-2 was the presence in the former of an inserted 
stretch of 31 amino acids in the N-terminal portion of the 
protein (amino acids 84-114). Further examination of the 
mNMT-2 cDNA failed to identify consensus intron splice sites 
within this inserted sequence, indicating that amino acids 84- 
114 were a legitimate part of the mNMT-2 protein. Addition- 
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Fig. 3. Western blot analysis of human NMT-1 and NMT-2 pro- 
teins expressed in COS-7 ceUs. Lanes 1-3, mock-transfected COS-7 
cell extracts; lanes 4-6, NMT-l-transfected COS-7 cell extracts; lanes 
7-9, NMT-2-transfected COS-7 cell extracts. Each lane contains 10 
of protein. Four immunoreactive NMT-1 isoforms {lane 4) of apparent 
sizes of 68, 56, 55, and 49 kDa were found in NMT-1- transfected cells 
{lane 4), while a single 65-kDa NMT-2 protein was identified in NMT- 
2-transfected cells {lane 7). Note the presence of weakly immunoreac- 
tive 67- and 64-kDa proteins in mock-transfected cells {lanes 1 and 5). 
These proteins may represent endogenous NMTs. 



aUy, five independent mNMT-2 cDNA clones were isolated and 
one EST (W62224) identified that covered this region of the 
mNMT-2 sequence and each of these clones possessed this 
insert. A comparison between the mNMT-1 and mNMT-2 pro- 
teins revealed a reduced level of sequence identity of 76%, 
reminiscent of the homology found between hNMT-l and 
hNMT-2. Thus, most of the distinguishing features between 
the primary structures of NMT-1 and NMT-2 have been con- 
served from mouse to hixman. Northern analysis demonstrated 
that most human and mouse tissues concurrently express both 
NMTs, indicating that a functional difference between the two 
enzymes is not likely rooted in restricted tissue distribution 
profiles (data not shown). 

Expression of hNMTs in COS-7 Cells — To compare the 
hNMT-l and hNMT-2 proteins further, each NMT cDNA was 
cloned into the eukaryotic expression vector pcDNAS and tran- 
siently transfected into COS-7 cells. COS-7 cells expressing 
either hNMT-l or hNMT-2 showed significantly higher levels 
of NMT activity than mockrtransfected cells (Table I). Several 
peptides were tested as substrates for each NMT to gain- a 
preliminary imderstanding of the relative substrate selectivi- 
ties of each enzyme. Both hNMT-l and hNMT-2 myristoylated 
peptide substrates corresponding to the N termini of cAMP-de- 
pendent protein kinase (PKA), Src kinase, and Abl kinase 
(Table I).' Analysis of the initial reaction rates revealed that the 
enzymes shared similar substrate selectivities, with the nota- 
ble exception that hNMT-2 showed a greater relative prefer- 
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ence for the Src peptide substrate. Neither NMT myristoylated 
either 1) a control peptide in which the N-tenninal glycine from 
the PKA peptide was removed or 2) an internal peptide from 
the tumor necrosis factor a precursor protein, EEALPKKTGG- 
PQGSR, which is m3aistoylated on lysine residues (32). 

Afiinity-purified antibodies generated against a CrST fusion 
protein of hNMT-1 were used to characterize by Western blot- 
ting the expression of each NMT in COS-7 cells (Fig. 3). 
hNMT-1 and hNMT-2 appeared as primarily single protein 
bands of 68 and 65 kDa in size, respectively (Fig. 3, lanes 4 and 
7). While these apparent sizes for hNMT-1 and hNMT-2 were 
larger than their predicted molecular masses (about 57 kDa for 
each enzyme), previous work has indicated that NMTs migrate 
anomalously large on SDS-polyacrylamide gel electrophoresis 
(19). Interestiagly, three additional isoforms of hNMT-1 were 
also identified in transfected COS-7 extracts (apparent sizes of 
49, 55, and 56 kDa; lane 4), while no additional forms of 
hNMT-2 were observed {lane 7). The multiple hNMT-1 proteins 
were likely the result of in vivo processing events, as an equiv- 
alent hNMT-1 protein profile was identified in transfected 
COS-7 cells harvested directly into standard SDS gel loading 
buffer (data not shown). Mock-transfected COS-7 cells showed 
weakly itnmunoreactive 64- and 67-kDa proteins that may 
represent endogenous NMTs {lanes 1-3). Separation of COS-7 
extracts into cytoplasmic and membrane fractions revealed 
that hNMT-2 and the 68-kDa isoform of hNMT-1 appeared 
significantly in both the cytoplasmic and membrane fractions 
{lanes 5, 6, S, and 9), while the 49-, 55-, and 56-kDa isoforms of 
hNMT-1 were predominately cj^oplasmic {lane 5). The major- 
ity of each NMT enzyme activity was found in the cytoplasm 
^85 and 75% for hNMT-1 and hNMT-2, respectively). However, 
such relative enzjone activity comparisons should be inter- 
preted with caution, given that membrane associated inhibi- 
tory factors have been shown to reduce the apparent activity of 
membranous NMTs (33). Finally, considering that hNMT-1 has 
recently been shown to target to ribosomes (19), the membra- 
nous NMTs identified here may in fact reflect association of 
these proteins with ribosomes that are themselves bound to 
membranes. 

Conclusions — The isolation and characterization of a second 
family of mammalian iV-myristoyltransferases has profound 
implications on both the in vivo regulation and pharmaceutical 
targeting of protein myristoylation. The strict conservation of 
primary structure identified within both NMT-1 and NMT-2 
families suggests unique functions for each enzyme in vivo. At 
the mRNA level, both enzymes were identified in most human 
and mouse tissues examined, while a preliminary analysis of 
hNMT-1 and hNMT-2's substrate selectivity demonstrated 
that the enzymes have similar, but distinguishable, substrate 
preferences. One difference observed between hNMT-1 and 
hNMT-2 was that only hNMT-1 was processed to lower molec- 
vdar weight isoforms upon expression in COS-7 cells. The po- 
tential biological significance of these hNMT-1 isoforms re- 
mains to be determined, but it is intriguing to speculate that in 
different cell types the extent of NMT processing could vary, 
allowing for the generation of distinct NMT protein profiles. 

Given the central role of myiistoylation in faciUtating cellu- 
lar transformation (6) and viral propagation (9), NMTs stand 
as an attractive potential drug target. The discovery of a second 
family of mammalian NMTs allows, for a reexamination of the 



part that each NMT plays in supporting tumorigenesis and/or 
viral infectivity. An exciting possibility arises for selective 
pharmaceutical intervention if certain tumors or viruses re- 
quire the activity of primarily one type of NMT, In this regard, 
NMT activity and protein levels have been found to increase 
severalfold in human colorectal tumors (14, 15). Through the 
generation of NMT-1- and NMT-2-specific antibodies, the iden- 
tification of the up-regulated NMT(s) in these tumors should be 
possible. Such NMT-1- and NMT-2-specific reagents in union 
with further examinations into the catalytic properties and 
cellular regulation of each enz3Tne should provide significant 
insights into the in vivo role of protein myristoylation in both 
normal and disease states. 
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